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A B S T R A C T  

Two l i g a n d - c o n t a i n i n g  polymers were developed  and p r e p a r e d  
as 1 . 5  m i l  f l e x i b l e  f i l m s  t h a t  have s a t i s f a c t o r y  e l e c t r i c a l  and 
mechan ica l  p r o p e r t i e s  as s e p a r a t o r s  for s t e r i l i z a b l e  s i l v e r - z i n c  
c e l l s .  One t y p e  i s  a modi f ied  s ty rene -ma le i c  anhydride-methyl  
me thac ry la t e -me thy lc  a c r y l a t e  t e t r a p o l y m e r  w i t h  h i g h  c o n t e n t  of  
h y d r o l y z a b l e  anhydr ide  and a c r y l a t e  g roups .  Methods were developed  
t o  c r o s s l i n k  t h e s e  polymers w i t h  b i s ( 4 - a n i l i n o l m e t h a n e  d u r i n g  
f i l m  f o r m a t i o n  to make them u s a b l e  s e p a r a t o r  mater ia l s  by i n -  
s o l u b i l i z i n g  them i n  40% KOH. Tes ts  on d u p l i c a t e  samples  from 
d i f f e r e n t  b a t c h e s  of  t h i s  t y p e  polymer showed good r e p r o d u c i b i l i t y .  

The second t y p e  polymer, 31:69 2-v inylpyr id ine-methyl  
m e t h a c r y l a t e  copolymer,  had shown promis ing  e l e c t r i c a l  p r o p e r t i e s  
i n  o u r  i n i t i a l  program. The mechanical  p r o p e r t i e s  o f  f i l m s  o f  
t h i s  po lymer ,  bo th  b e f o r e  and a f t e r  s t e r i l i z a t i o n ,  were improved 
by i n c r e a s i n g  i t s  molecu la r  weight .  
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I .  I NTRODUCT I O N  

The pr imary  o b j e c t i v e  o f  t h i s  program i s  t h e  development 
of h i g h l y  s t ab le  b a t t e r y  s e p a r a t o r  mater ia l s  t h a t  w i l l  f u n c t i o n  
s a t i s f a c t o r i l y  i n  a s e a l e d  Ag-Zn secondary  b a t t e r y  a f t e r  heat 
s t e r i l i z a t i o n  a t  135"C, and have s u f f i c i e n t  f l e x i b i l i t y  and 
mechanica l  s t r e n g t h  s o  t h a t  they can be  i n c o r p o r a t e d  i n t o  t h e  
b a t t e r y  sys tem by p r a c t i c a l  f a b r i c a t i o n  t e c h n i q u e s .  Three  t y p e s  
o f  l i g a n d - c o n t a i n i n g  polymers  that  showed a grea t  dea l  of  promise 
f o r  u s e  as heat s t e r i l i z a b l e  s e p a r a t o r s  f o r  t h e  Ag-Zn c e l l  i n  
p r e l i m i n a r y  t e s t s  i n  ou r  i n i t i a l  J P L  951524 program, namely, 
hydro lyzed  copolymers o f  2-v inylpyr id ine-methyl  m e t h a c r y l a t e ,  
hydro lyzed  s ty rene -ma le i c  anhydride-methyl  m e t h a c r y l a t e  t e r p o l y m e r s ,  
and s t y r e n e  copolymers c o n t a i n i n g  8-hydroxyquinol ine  s u b s t i t u e n t s  
were chosen  f o r  development.  Both  t h e  2-v inylpyr id ine-methyl  
m e t h a c r y l a t e  copolymers and m o d i f i e d  t e t r a p o l y m e r s  of  s t y r e n e -  
maleic anhydride-methyl  methacry la te -methyl  a c r y l a t e  were proven 
to meet most o f  t h e  p r o j e c t  o b j e c t i v e s  and t h e r e f o r e  are now be ing  
developed  i n  p r e f e r e n c e  t o  t h e  o ther  copolymer s y s t e m s .  

During t h i s  r e p o r t  p e r i o d  o u r  o b j e c t i v e s  were as f o l l o w s :  

1. 

2 .  

3. 

4 .  

Complete t h e  s t u d y  o f  t h e  e f f e c t  of r e a c t i o n  para-  
meters on molecular  we igh t  o f  t h e  40 :  60  2 -v iny lpyr id ine -  
m e t  hy 1 met hac r y  l a t  e c op o lyrne r ; 

Develop methods t o  c r o s s l i n k  t h e  s ty rene -ma le i c  anhydr ide-  
m e t  h y  1 met hac r y  1 a t  e-me t hy 1 a c  r y  l a t e  t e t  r a p  o 1 ymer s d u r i n g  
f i - l m  fo rma t ion ;  

Determine t h e  degree of  c r o s s l i n k a g e  n e c e s s a r y  t o  
f n s o l u b i l i z e  t e t r a p o l y m e r s  w i t h  h i g h  m a l e i c  anhydr ide-  
methyl  a c r y l a t e  c o n t e n t s  i n  4 C %  KOH; 

E v a l u a t e  t h e  e l e c t r i c a l  and mechanica l  p r o p e r t i e s ,  
b e f o r e  and a f t e r  s t e r i l i z a t i o n ,  of  f i l m s  p r e p a r e d  
from t h e  mod i f i ed  polymers .  
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11.  S U M M A R Y  

Two t y p e s  of l i g a n d - c o n t a i n i n g  polymers  were improved 
and  deve loped  t h a t  meet most of t h e  r e q u i r e m e n t s  f o r  a s e p a r a t o r  
material f o r  t h e  s t e r i l i z a b l e  Ag-ZnO b a t t e r y .  These polymers  
are t h e  mod i f i ed  s ty rene -ma le i c  anhydr ide-methyl  m e t h a c r y l a t e -  
m e t h y l  a c r y l a t e  t e t r a p o l y m e r s  and a 2 -v iny lpyr id ine -me thy l  meth- 
a c r y l a t e  copolymer.  The u s e f u l n e s s  of t h e  t e t r a p o l y m e r s  had been 
l i m i t e d  b e f o r e ,  because  t h e  polymers w i t h  a h igh  enough c o n t e n t  
o f  h y d r o l y z a b l e  a n h y d r i d e  and a c r y l a t e  g roups  f o r  low e l e c t r i c a l  
r e s i s t i v i t y  had some s o l u b i l i t y  i n  40% KOH.  These polymers  have 
been c r o s s l i n k e d  by r e a c t i o n  w i t h  d i amines  t o  make them i n s o l u b l e .  
E l e c t r i c a l  measurements of s t e r i l i z e d  f i l m s  of d u p l i c a t e  samples  
of d i f f e r e n t  b a t c h e s  of  t h e  c r o s s l i n k e d  polymers  showed e x c e l l e n t  
r e p r o d u c i b i l i t y .  A t e t r a p o l y m e r  m o d i f i e d  w i t h  2 - c h l o r o e t h y l v i n y l  
e the r  had r e s i s t i v i t y  of  19  ohm-in a f t e r  s t e r i l i z a t i o n .  S i m i l a r  
f i l m s  of t e t r a p o l y m e r  modif ied w i t h  v iny lcyc lohexene  ox ide  had 
1 5  ohm-in r e s i s t i v i t y .  The e l e c t r i c a l  p r o p e r t i e s  of t h e s e  f i l m s  
were n o t  a f f e c t e d  by t h e  amount of  c r o s s l i n k i n g  a g e n t s  used t o  
i n s o l u b i l i z e  t h e  f i l m s .  However, t e n s i l e  s t r e n g t h s  of w e t  
s t e r i l i z e d  f i l m s  i n c r e a s e d  with i n c r e a s e s  i n  t h e  d e g r e e  o f  c r o s s -  
l i n k a g e .  F i lms  w i t h  about 2% b i s ( 4 - a n i 1 i n o ) m e t h a n e  as agen t  
had w e t  s t r e n g t h s  of  about 700 p s i .  

Unmodified t e t r a p o l y m e r s  c r o s s l i n k e d  w i t h  d iamines  a l s o  
s u r v i v e d  s t e r i l i z a t i o n  i n t a c t ,  i n d i c a t i n g  a n  unexpec ted  h i g h  
s t a b i l i t y  of t h e  amide l i n k a g e  t o  h y d r o l y s i s  i n  40% KOH. A 
comparison of mechanica l  p r o p e r t i e s  o f  t hese  f i l m s  t o  f i l m s  of 
t h e  modi f ied  polymers  i s  now b e i n g  made. 

Our s t u d y  o f  r e a c t i o n  c o n d i t i o n s  f o r  p r e p a r a t i o n  of  t h e  
2-vinylpyridine-me t h y  1 met hac ry  l a t  e copolymer was completed . 
Polymers w i t h  s i g n i f i c a n t l y  h i g h e r  m o l e c u l a r  weight  were o b t a i n e d  
by p o l y m e r i z a t i o n  t o  h i g h  c o n v e r s i o n s .  These polymers formed 
f i l m s  t h a t  had d r y  t e n s i l e  s t r e n g t h s  of  about  7000 p s i  and w e t  
t e n s i l e  s t r e n g t h s  a f t e r  s t e r i l i z a t i o n  f o r  1 2 0  hour s  of about  
650 p s i .  R e s i s t i v i t i e s  of  t h e  31 :69  copolymer were under  20 ohm-in. 
Some f i l m s  r e q u i r e d  s t e r i l i z a t i o n  t imes l o n g e r  t h a n  1 2 0  hour s  f o r  
h y d r o l y s i s  and t h e r e f o r e  methods t o  a c c e l e r a t e  w e t t i n g  and hydro- 
l y s i s  of t h e  f i l m s  a r e  now be ing  i n v e s t i g a t e d .  

2 



1 1 1 .  D I S C U S S I O N  OF RESULTS 

A .  EVALUATION OF SEPARATOR P R O P E R T I E S  

1 .  M o d i f i e d  S t y r e n e : M a l e i c  A n h y d r i d e : M e t h y l  M e t h a c r y 1 a t e : M e t h y l  
A c r y l a t e  T e t r a p o l y m e r s  

The emphasis i n  t h i s  p e r i o d  was t o  de t e rmine  t h e  e l e c t r i c a l  
and mechanica l  p r o p e r t i e s  of c r o s s l i n k e d  polymers d e r i v e d  from 
polymer m o d i f i c a t i o n s  of  two b a s i c  f o r m u l a t i o n s  t h a t  have t h e  most 
p romis ing  e l e c t r i c a l  p r o p e r t i e s .  These polymers  a re  made from 
28:20:19:33 and 18:29:9:44 St :MA:MMA:MAC monomer c h a r g e s .  I n i t i a l  
t es t s  ( S e c t i o n  111, C) t o  de t e rmine  t h e  s t a b i l i t y  t o  s t e r i l i z a t i o n  
of t h e  v a r i o u s  polymer m o d i f i c a t i o n s  showed t h a t  polymers  c r o s s -  
l i n k e d  by r e a c t i o n  w i t h  d i amhes  were t h e  most s tab le .  T h e r e f o r e ,  
f i l m s  of t h i s  t y p e  c o n t a i n i n g  d i f f e r e n t  amounts of d iamine  c r o s s -  
l i n k i n g  a g e n t  were s t e r i l i z e d  and t h e i r  e l e c t r i c a l  p r o p e r t i e s  
measured.  P r e p a r a t i o n  of larger f i l m  samples  made w i t h  b e t t e r  
q u a l i t y  c o n t r o l ,  o f  t h e  most promis ing  combina t ions ,  was t h e n  
done t o  de te rmine  t h e i r  mechanica l  as well as e l e c t r i c a l  p r o p e r t i e s .  
Most o f  these  t e s t s  were done w i t h  polymers  mod i f i ed  w i t h  e i t h e r  
2 - c h l o r o e t h y l  (CVE t y p e )  o r  epoxy (VCHO t y p e )  s u b s t i t u e n t s .  
T e s t i n g  of unmodif ied polymers ,  such  as 99137 has j u s t  s ta r ted .  
The e l e c t r i c a l  p r o p e r t i e s  measured are  summarized i n  T a b l e  1. 
T e n s i l e  s t r e n g t h  d e t e r m i n a t i o n s  are g i v e n  i n  Tab le  2 .  The r e s u l t s  
of t h e s e  t e s t s  can b e  summarized as f o l l o w s :  

a. R e s i s t i v i t y  of t h e  s t e r i l i z e d  f i l m s  was n o t  markedly  
a f f e c t e d  by  t h e  amount of r e a g e n t  u sed  t o  c r o s s l i n k  
t h e  polymer i n  t h e  range s t u d i e d .  

b .  R e s i s t i v i t i e s  o f  s t e r i l i z e d  f i l m s  were r e p r o d u c i b l e .  
F o r  example, t h i r t e e n  2 x 6 i n c h  f i l m  samples  hav ing  
a 1 . 2  t 0 . 3  m i l  t h i c k n e s s  of  polymer 99178, which i s  
modi f ied  w i t h  1 0 %  vinylcyc lohexene  o x i d e ,  were c r o s s -  
l i n k e d  w i t h  from 0 .3  t o  1 . 2 %  b i s (4 -an i1 ino )me thane  
(BAM) and s t e r i l i z e d .  R e s i s t i v i t i e s  of these  samples 
were 15 t 2 ohm-in. Four similar 1 . 6  + 0 . 1  m i l  f i l m s  
of polymgr 99183, which i s  modif ied wi rh  1 0 %  .2 -ch lo roe thy l -  
v i n y l  e t h e r  were c r o s s l i n k e d  w i t h  2 %  BAM and found t o  
have 1 9  + 1 ohm-in r e s i s t i v i t y  a f t e r  s t e r i l i z a t i o n .  
T h i s  comf;ares t o  a n  average  of  2 1  ohm-in f o r  f i l m s  
made from d u p l f c a t e  polymer number 99150. 

c .  T e n s i l e  s t r e n g t h  t e s t s  on s t e r i l i z e d  f i l m s  i n d i c a t e  
t h a t  t e n s i J e  s t r e n g t h  was i n c r e a s e d  and e l o n g a t i o n  
dec reased  by  u s i n g  l a r g e r  amounts of c r o s s l i n k i n g  
r e a g e n t  [ e . g .  99150 w i t h  2 and 1% b i s ( 4 - a n i 1 i n o ) -  
methane had s t r e n g t h s  of 720 and 300 p s i ,  r e s p e c t i v e l y ,  
and e l o n g a t i o n s  of 6 and 13%1.  These r e s u l t s  i n d i c a t e d  
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. .  

T a b l e  2 

TENSILE STRENGTH OF IIEMERANES~ 

Thickness 

0 r Y  1.1 - 1.6 

F i l m  S t a t e  m i l s  
T e n s i l e  E l  onga t  i on 

S t r e n g t h . p s i  a t  Break % 

7,10O(av 10 )  <3 

Polymer Compos i t i onb  

3 3 ~ 6 7  2-VP:MMA 

R e f e r e n c e  

56040 

58039 

56036 

580526 

58052A 

991 50 

991 53 

991 386 

991 29 

991 58 

99169 

991 78A 

3.2 

3.2 

- _ -  
2.8 

3.5 

1.5 

2.3 

1.7 

3.5 

4.0 

1.5 

3.0 

3.0 

1.3 

5.0 

3.5 

1.4 

3.0 

50 

60 

_ -  
18  

9 

<3 

c3 

‘3 

6 

4 

‘ 3  

13 

8 

< 3  

7 

14 

<3  

14 

S t e r i l i z e d c  

S t e r i  1 i z e d C  

Dry 

S t e r i  1 i zedC 

S t e r i l i z e d c  

D r Y  

Dry 

0 r Y  

S t e r i  l i z e d e  

S t e r i  1 i z e d e  

Dry 

S t e r i  1 i zede 

660 

660 

7,00O(av 7 )  

640 

2,300 

8,600 

6.000 

6,000 

720 

750 

5.900 

300 

500 

5.400 

520 

500 

4,300 

330 

31 :69 2-VP:MMA 

3 6 ~ 6 4  2-VP:MMA 

36:64 2-VP:MMAd 
d 40:60 2-VP:MMA 

St:MA:MMA:MAC f r o m  
18:29:9:44 cha rge  
m o d i f i e d  w i t h  10% 
CVE and c r o s s l i n k e d  
w i t h  2% BAM 

C r o s s l i n k e d  w i t h  
1% 8AM 

zede 

zede 

zede 

zede 

S t e r i  1 

Dry  

S t e r i  1 

S t e r i  1 

Dry 

S t e r i  1 

St:MA:MMA:MAC f r o m  
18:29:9:44 cha rge  
m o d i f i e d  w i t h  5% 
C V E  and c r o s s l i n k e d  
w i t h  1% 6AM 

C r o s s l i n k e d  w i t h  
0.5% 6AM. 

S t e r i  1 i z e d e  

Dry 

3.0 

1.9 

435 

5,800 

14  

<3 C r o s s l i n k e d  w i t h  
0.25% 8AM 

S t : M A : M M A : M A C  f rom 
43:25:10:22 cha rge  

0 r y  

S t e r i  1 i z e d e  

1.4 

3.0 

3.3 

3,400 

570 

365 

c3 

4 

43 1 i z e d e  

1 i z e d e  

1 i zede 

l i z e d e  

St :MA:MMA:MAC f r o m  
48: 25: 10:  17 cha rge  

St :MA:MMA:MAC f rom 
28:20:19: 33 cha rge  

S t e r  

S t e r  

S t e r  

S t e r  

2 .5 

2.2 

2.5 

240 

455 

720 

365 

80 

14  S t : M A : M M A : M A C  f r o m  
18:29:9:44 cha rge  
m o d i f i e d  w i t h  10% 
VCHO and c r o s s l i n k e d  
w i t h  1.29: 6AM 

C r o s s l i n k e d  w i t h  
0.6% 6AM 

Same as 99169 

S t e r i l i z e d e  

Dry  

2.7 

1.5 

560 8 

6.650(av 6 )  

a l n s t r o n  T e n s i l e  T e s t e r ;  “ 0 ”  C e l l ;  C h a r t  Speed 5 i n  n i n - I ;  Cross-head Speed: 

2-VP i s  2 - v i n y l p y r i d i n e ;  MMA i s  me thy l  m e t h a c r y l a t e ;  S t  i s  s t y r e n e ;  MAC i s  
Dry 0.5 i n  min- ’ .  Wet 2 i n  m i n - l ;  Gage L e n g t h  2 3 /4  i n  

m e t h y l  a c r y l a t e ;  CVE i s  2 - c h l o r o e t h y l v i n y l  e t h e r ;  and BAM i s  b i s ( 4 -  
an i1 ino )methane  

1 / 4  i n  

Y e t  w i t h  KOH and a f t e r  exposure  t o  40% KOH f o r  120 h r s  a t  135OC 
LiNO3 i n c o r p o r a t e d  i n t o  f i l m  a t  5 wt-Z o f  po l ymer  
Ue t  w f t h  KOH and a f t e r  exposure  t o  40% KOH f o r  60 h r s  a t  135°C e 
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2. 

t h a t  t h e  d e g r e e  of c r o s s l i n k a g e  was i n c r e a s e d  by 
u s i n g  t h e  la rger  amount of  r e a g e n t .  

d. The c r o s s l i n k e d  polymers showed good t e a r - r e s i s t a n c e .  
F i l m  samples  t h a t  were f a s t e n e d  t o  t h e  T e f l o n  frames 
by T e f l o n  p l u g s  d u r i n g  s t e r i l i z a t i o n  d i d  n o t  deve lop  
c r a c k s .  E longa t ion  of a l l  s t e r i l i z e d  f i l m s  w i t h  
t e n s i l e  s t r e n g t h s  under  500 p s i  was g r e a t e r  t h a n  1 0 % .  

2-Vinylpyridine-Methyl Methacrylate Copolymers 

The polymers  e v a l u a t e d  had m e t h y l  m e t h a c r y l a t e  c o n t e n t s  
r a n g i n g  from 60 t o  69% and had r e l a t i v e  v i s c o s i t i e s  a t  0 .5% 
c o n c e n t r a t i o n  from 1 . 5  t o  4 . 6 .  
t o  our  ear l ier  polymers ,  b o t h  q u a l i t a t i v e l y  and  q u a n t i t a t i v e l y ,  
u s i n g  o u r  i n i t i a l  t e n s i l e  s t r e n g t h  measurements ( T a b l e  21, 
i n d i c a t e  t h a t .  t h e  new polymers w i t h  h igher  m o l e c u l a r  weight 
s u r v i v e  s t e r i l i z a t i o n  be t t e r  t h a n  lower  m o l e c u l a r  weight polymers  
w i t h  i d e n t i c a l  m e t h a c r y l a t e  c o n t e n t s .  

Comparison of  these polymers  

We a l s o  found t h a t  a higher m e t h a c r y l a t e  c o n t e n t  (67-69%) 
i s  a p p a r e n t l y  needed i n  t h e  higher  molecu la r  weight  polymers  
( o R  %3) t o  g i v e  r e s i s t i v i t i e s  below 60 ohm-in a f t e r  s t e r i l i z a t i o n  
( T a b l e  1). R e s i s t i v i t i e s  o f  samples of  polymer 58039, which has 
a 69% m e t h a c r y l a t e  c o n t e n t ,  were under  20 ohm-in. 

The minimum t i m e  r e q u i r e d  t o  s a p o n i f y  these  polymers  
comple t e ly  unde r  s t e r i l i z a t i o n  c o n d i t i o n s  was no t  e n t i r e l y  
r e p r o d u c i b l e .  Two ( o f  6 )  samples of  58039 polymer had r e s i s t i v i t i e s  
o v e r  50 ohm-in a f t e r  1 2 0  hours s t e r i l i z a t i o n .  Both t h e s e  samples 
had been s t e r i l i z e d  i n  t h e  same bomb. The v a r i a t i o n  i n  s a p o n i f i -  
c a t i o n  time i s  p robab ly  caused b y  poor  w e t t i n g  of t h e  f i l m s  by 
t h e  e l e c t r o l y t e  i n  t h e  e a r l y  s t a g e s  of  s a p o n i f i c a t i o n ,  s i n c e  t h e  
f i l m s  i n  t h e  e s t e r  form are ext remely  hydrophobic .  An e l e c t r o l y t e  
s o l u b l e  a d d i t i v e ,  l i t h i u m  n i t r a t e ,  was i n c o r p o r a t e d  i n t o  two 
f i l m s  (58027 and  58036) t o  a i d  i n  e l e c t r o l y t e  p e n e t r a t i o n  d u r i n g  
s a p o n i f i c a t i o n .  T h i s  a d d i t i v e  a f f e c t e d  e l e c t r i c a l  p r o p e r t i e s  
o n l y  ve ry  s l i g h t l y ,  a l t h o u g h  it p l a s t i c i z e d  t h e  f i l m ,  i n d i c a t i n g  
i t  was a p p a r e p t l y  h o l d i n g  water .  O t h e r  f i l m s  are now be ing  pre-  
soaked  i n  methanol  t o  a i d  w e t t i n g  and a l s o  p o s s i b l y  a c c e l e r a t e  
s a p o n i f i c a t i o n  by f o r m a t i o n  and subsequent  r e a c t i o n  of sodium 
m e t h y l a t e .  I n i t i a l  t e s t  samples of  p re soaked  f i l m  s u r v i v e d  
s t e r i l i z a t i o n  g n t a c t  and a t e s t  ser ies  t 0  de t e rmine  r e p r o d u c i b i l i t y  
of  s a p o n i f i c a t i o n  t i m e  i s  underway. 
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B .  PREPARATION OF POLYMERS 

1. S t - y r e n e - M a l e i c  A n h y d r i d e - M e t h y l  M e t h a c r y l a t e - M e t h y l  A c r y l a t e  
T e t r a p o l y m e r s  

Tetrapolymers  w i t h  h igh  c o n t e n t s  of h y d r o l y z a b l e  anhydr ide  
and a c r y l a t e  groups  were modi f ied  t o  i n c o r p o r a t e  s i t e s  f o r  c r o s s -  
l i n k i n g  d u r i n g  f i l m  fo rma t ion .  The monomers, 2 - c h l o r o e t h y l v i n y l  
e t h e r ,  4-v inylcyc lohexene  or v iny lcyc lohexene  o x i d e ,  were used  
t o  supp ly  t h e  c r o s s l i n k i n g  s i t e s .  The r e a c t i o n  c o n d i t i o n s  used  
t o  prepare t h e s e  mod i f i ed  polymers a re  summarized i n  Tab le  3.  
Based on v i s c o s i t y  measurements, v iny lcyc lohexene  and 2-chloro- 
e t h y l v i n y l  e ther  lowered the  degree of p o l y m e r i z a t i o n  s l i g h t l y .  
However, a l l  t h e  polymers  gave mechan ica l ly  s t r o n g  f i l m s .  

Two d u p l i c a t e  b a t c h e s  (99183 and 99175) of  polymer 99150 
and  a d u p l i c a t e  b a t c h  (99178)  o f  99169, which have t h e  most 
p r o m i s i n g  s e p a r a t o r  p r o p e r t i e s  were a l s o  p r e p a r e d  on a 200g c h a r g e  
sca le  f o r  u s e  i n  t e s t i n g  r e p r o d u c i b i l i t y  o f  f i l m  p r o p e r t i e s .  
These p o l y m e r i z a t i o n  r e a c t i o n s  a c c e l e r a t e  and become exothermic  
a t  approx ima te ly  1 5 %  conver s ion .  Bet te r  c o n t r o l  was o b t a i n e d  a t  
t h i s  s t a g e  i n  t h e  l a rge r  s c a l e  p o l y m e r i z a t i o n s  a t  4 0 ° C  b y  u s i n g  
a lower  c a t a l y s t  c o n c e n t r a t i o n  ( 0 . 2 % )  t h a n  i n  t h e  smaller s c a l e  
r u n s .  

An a t t e m p t  was a l s o  made t o  i n c o r p o r a t e  f r ee  amino g roups  
i n t o  t h e  t e t r a p o l y m e r s .  A p o l y m e r  w i t h  s u f f i c i e n t l y  h i g h  molecu la r  
weight t o  g i v e  u s a b l e  f i l m s  (99160) was made from a monomer cha rge  
c o n t a i n i n g  5 weight  % m e t h y l  3-aminocrotonate .  However, t h e  
p r o p e r t i e s  of  t h e  polymer i n d i c a t e  t h a t  t h e  a d d i t i v e  p robab ly  
e n t e r e d  t h e  polymer mainly as t h e  half-amide o f  m a l e i c  a n h y d r i d e ,  
ra ther  t h a n  by copo lymer i za t ion  o f  t h e  v i n y l  group.  Sample f i l m s  
of t h i s  polymer t h a t  were c r o s s l i n k e d  b y  r e a c t i d n  w i t h  b i s ( c h 1 o r o -  
me thy1)mes i ty l ene  d i d  n o t  s u r v i v e  s t e r i l i z a t i o n ,  i n d i c a t i n g  t h a t  
permanent c r o s s l i n k a g e s  were a b s e n t .  

2 .  40:60 2 - V i n y l p y r i d i n e - M e t h y l  M e t h a c r y l a t e  Copolymer 

Our s t u d y  t o  i n c r e a s e  t h e  molecu la r  weight  of t h i s  co- 
polymer by improving p o l y m e r i z a t i o n  c o n d i t i o n s  was completed.  
R e a c t i o n  c o n d i t i o n s  v a r i e d  i n  t h i s  s t u d y  were as f o l l o w s :  

a. Temperature ( 4 0 ,  60 ,  7 5 O C ) ;  

b .  Amount of  c a t a l y s t  ( t o  g i v e  r a t e  of i n i t i a t i o n  equ i -  
v a l e n t  t o  0 . 0 2  and 0.005 w t . %  a t  60Oc); 

c .  Conversion.  
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The p o l y m e r i z a t i o n s  were c a r r i e d  o u t  i n  p r e s s u r e  b o t t l e s  
w i t h  a 50g cha rge  of  f r e s h l y  d i s t i l l e d  monomers t h a t  were f l u s h e d  
w i t h  n i t r o g e n  i n  t h e  b o t t l e  f o r  1 0  min. b e f o r e  s e a l i n g  t h e  b o t t l e .  
P r o p e r t i e s  of  polymers  p repa red  i n  t h e  comple te  s t u d y  are  d e t a i l e d  
i n  T a b l e  4 .  The r e s u l t s  can b e  summarized as f o l l o w s :  

a .  

b. 

C .  

d .  

S i g n i f i c a n t  improvement i n  m o l e c u l a r  weight was o b t a i n e d  
by p o l y m e r i z a t i o n  t o  h igh  c o n v e r s i o n .  The v i s c o s i t y -  
c o n v e r s i o n  r e l a t i o n s h i p  of  t h i s  copolymer,  shown i n  
F i g u r e  1, i s  s imi la r  t o  t h a t  o f  some m e t h y l  m e t h a c r y l a t e  
homopolymers ( r e f .  1). 

P o l y m e r i z a t i o n s  t e r m i n a t e d  a t  less  t h a n  40% c o n v e r s i o n  
have  s l i g h t l y  h i g h e r  molecu la r  weights when. po lymer ized  
a t  4 0 ° C  ra ther  t h a n  a t  h i g h e r  t e m p e r a t u r e s ;  

The v a r i a t i o n s  i n  ra te  of i n i t i a t i o n  made i n  r u n s  a t  
6ooc d i d  n o t  a f f e c t  t h e  molecu la r  weight o f  the  
p r o d u c t s  ; 

P o l y m e r i z a t i o n s  c a r r i e d  t o  c o n v e r s i o n s  above 40% 
r e q u i r e  a s l i g h t  ad jus tment  i n  monomer charge t o  
m a i n t a i n  c o n s t a n t  polymer composi t ion .  

T h i s  p o l y m e r i e a t i o n  i s  ve ry  e a s i l y  i n h i b i t e d  b y  t r a c e  amounts 
of  oxygen. We found i t  was necessa ry  t o  u s e  oxygen-free n i t r o g e n  
as c o v e r  f o r  p o l y m e r i z a t i o n s  done i n  r e s i n  p o t s  t o  o b t a i n  h i g h  
m o l e c u l a r  weight polymers  t h a t  were e q u i v a l e n t  t o  t h e  h i g h  con- 
v e r s i o n  polymers  ( e . g .  58039) p r e p a r e d  i n  p r e s s u r e  b o t t l e s .  

An a t t e m p t  t o  i n c o r p o r a t e  an amino c r o s s l i n k i n g  s i t e  i n t o  
t h e  2-v inylpyr id ine-methyl  m e t h a c r y l a t e  copolymer was a l so  made. 
However, t h e  r e a g e n t ,  methyl  3-aminocrotonate ,  i n h i b i t e d  t h e  
p o l y m e r i z a t i o n  of t h e  s t a n d a r d  copolymer cha rge  a lmost  comple te ly  
when used  i n  5 weight  % c o n c e n t r a t i o n  a t  4 O o C .  

C. CROSSLINKING OF P O L Y M E R S  

Most of  t h e  c r o s s l i n k i n g  r e a c t i o n s  were done w i t h  modif i -  
c a t i o n s  of t e t r a p o l y m e r s  prepared from e i t h e r  28:20:19:33 o r  
18:29:9:44 s ty rene -ma le i c  anhydride-methyl me thac ry la t e -me thy l  
a c r y l a t e  cha rges ,  s i n c e  t h e s e  l i n e a r  polymers d i s s o l v e  i n  40% 
KOH a f t e r  s t e r i l i z a t i o n .  The c r i t e r i a  f o r  a s u c c e s s f u l  c r o s s -  
l i n k i n g  p rocedure  i s  t a k e n  as t h e  a b i l i t y  of f i l m  samples o f  t h e  
c r o s s l i n k e d  polymer t o  r ema in  i n s o l u b l e  and r e t a i n  mechanica l  
p r o p e r t i e s  a f t e r  s t e r i l i z a t i o n  i n  4,0% KOH. 
f o r  c r o s s l i n k i n g  these t e t r apo lymerp  were e v a l u a t e d .  The 
h y p o t h e t i c a l  c r o s s l i n k i n g  r e a c t i o n s  are shown i n  Tab le  5 .  

Four t y p e s  of s i t e s  
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S u c c e s s f u l  c r o s s l i n k i n g  was o b t a i n e d  w i t h  d iamines  as 
t h e  r e a g e n t  t o  c r o s s l i n k  ei.t;her unmodif ied polymers  o r  mod i f i ed  
polymers  c o n t a i n i n g  2 -ch lo roe thy l  o r  cyclohexene ox ide  s i t e s .  
The g e n e r a l  p rocedure  for r e a c t i o n  was t o  add t h e  diamine t o  a 
s o l u t i o n  o f  polymer j u s t  b e f o r e  c a s t i n g  t h e  f i l m .  However, 
a l k y l  amines caused  g e l  fo rma t ion  under  these  c o n d i t i o n s .  
B e t t e r  c r o s s l i n k e d  f i l m s  w i t h  t h e s e  r e a g e n t s  were o b t a i n e d  by 
s o a k i n g  preformed f i l m s  of l i n e a r  polymer i n  a methanol  s o l u t i o n  
of t h e  a l k y l d i a m i n e s .  

Most of t h e  f i l m s  made from t h e  epoxide  t y p e  m o d i f i c a t i o n  
t h a t  were r e a c t e d  w i t h  a romat i c  d iamines  were cu red  a t  8ooc 
o v e r n i g h t ,  s i n c e  r e a c t i o n  t y p e  I1 w i t h  a romat i c  amines r e q u i r e s  
e l e v a t e d  t e m p e r a t u r e s .  However, w e  found t h a t  t h e  8ooc c u r e  
was n o t  n e c e s s a r y  t o  o b t a i n  f i l m s  t h a t  remained i n s o l u b l e  a f t e r  
s t e r i l i z a t i o n .  T h i s  i n d i c a t e d  t h a t  by-product amide c r o s s l i n k s  
formed by r e a c t i o n  o f  t h e  d iamines  w i t h  t h e  anhydr ide  groups  
( r e f .  2 )  were unexpec ted ly  stable t o  s t e r i l i z a t i o n .  T h i s  high 
s t a b i l i t y  was confirmed w i t h  f i l m  samples of polymers  c o n t a i n i n g  
no s i tes  f o r  c r o s s l i n k a g e  w i t h  t h e  d iamines  e x c e p t  t h e  anhydr ide  
g roup .  

A t t empt s  made t o  c r o s s l i n k  f i l m  samples of  a n  18:29:19:33 
S t : M A : M M A : M A C  t e t r a p o l y m e r  by d i r e c t  c o u p l i n g  induced  b y  f r ee  
r a d i c a l s  were u n s u c c e s s f u l .  F i lms  w i t h  3% dicumyl p e r o x i d e  
were c u r e d  f o r  24  hour s  a t  115OC where t h i s  p e r o x i d e  has a half- 
l i f e  o f  about  1 5  hour s ,  b u t  t h e  c u r e d  samples d i s s o l v e d  d u r i n g  
s t e r i l i z a t i o n  i n d i c a t i n g  a l o w  d e g r e e  of c u r e .  O t h e r  samples  of 
t h i s  t e t r a p o l y m e r  were c u r e d  by u s i n g  UV l i g h t  and 2-methylanthra-  
qu inone  as p h o t o s e n s i t i z e r  t o  g e n e r a t e  f r ee  r a d i c a l s .  These 
c o n d i t i o n s  were developed b y  Os ter  ( r e f .  3 )  t o  c r o s s l i n k  a c r y l a t e  
po lymers .  However, f i l m  samples (99163)  c o n t a i n i n g  5 w t .  % 
p h o t o s e n s i t i z e r  t h a t  were exposed t o  Black S p e c t r o l i n e  X-4 l i g h t  
(366  mu) f o r  p e r i o d s  up t o  25 hour s  d i s s o l v e d  d u r i n g  s t e r i l i z a t i o n .  

We a l s o  found tha t  in situ r e a c t i o n  a t  1 2 O O C  of d ipheny l -  
s i l a n e  w i t h  polymers c o n t a i n i n g  v iny lcyc lohexene  groups  d i d  n o t  
produce  a h i g h  enough d e g r e e  of c r o s s l i n k a g e  t o  s t a b i l i z e  t h e  
polymer f o r  s t e r i l i z a t i o n .  

D .  P R E P A R A T I O N  OF F I L M S  

Improvements i n  t h e  q u a l i t y  o f  o u r  f i l m s  were made by 
r e d u c i n g  d u s t  en t rapment  i n  the f i l m s  and by  d e t e r m i n i n g  b e t t e r  
c o n d i t i o n s  f o r  c a s t i n g  and d r y i n g  them. Uniform f i l m s  app rox ima te ly  
5" by 20" w i t h  1 t o  2 m i l  t h i c k n e s s  are now b e i n g  made by l e v e l i n g  
s t r a i n e d  polymer s o l u t i o n s  wi th  a Gardner  blade on a f l a t  poly-  
p r o p y l e n e  s u r f a c e  p r o t e c t e d  by a d u s t  c o v e r  and d r y i n g  them i n  
a n  oven ma in ta ined  a t  3 5 O C  and 23-25% r e l a t i v e  humid i ty .  



An e m p i r i c a l  s t r a i g h t - l i n e  r e l a t i o n s h i p  f o r  optimum 
c a s t i n g  v i s c o s i t y  was found between t h e  r e l a t i v e  v i s c o s i t y  o f  
t h e  polymer and t h e  c a s t i n g  s o l u t i o n  c o n c e n t r a t i o n .  It was found 
t o  be 0.35 u n i t s  of oR p e r  u n i t  o f  polymer c o n c e n t r a t i o n  i n  
w t . %  f o r  r e l a t i v e  v i s c o s i t i e s  between 1 . 0  and 3 . 5  and c o n c e n t r a t i o n s  
between 4 and 14 w t . % .  
t e t r a p o l y m e r s  i n  methyl  e t h y l  ke tone  s o l v e n t  and t h e  2-vinyl-  
py r id ine -me thy l  m e t h a c r y l a t e  copolymers i n  methanol-benzene 
s o l v e n t .  L e v e l i n g  w i t h  Gardner b lade  h e i g h t s  o f  25-35 m i l s ,  
depending  on c o n c e n t r a t i o n ,  gave f i l m s  w i t h  un i form t h i c k n e s s  
between 1 and 2 m i l s .  

T h i s  r e l a t i o n s h i p  was t h e  same f o r  t h e  

1.6 



I V .  PROGRAM P L A N  

A .  G E N E R A L  

The o v e r a l l  approach  t o  be fo l lowed  i n  accompl i sh ing  ou r  
c o n t r a c t  o b j e c t i v e s  can  be d iv ided  i n t o  t h e  f o l l o w i n g  f o u r  p h a s e s :  

1. O p t i m i z a t i o n  o f  copolymers; 

2. O p t i m i z a t i o n  of  modi f ied  t e t r a p o l y m e r s ;  

3. Comprehensive t es t s  ; 

4 .  P r e p a r a t i o n  of  f i l m  samples .  

Our r e v i s e d  long-range program p l a n n i n g  c h a r t  showing t h e  proposed  
d i s t r i b u t i o n  of e f f o r t  f o r  each of  t h e s e  phases  i s  g i v e n  In 
T a b l e  6. 
two polymer s y s t e m s ,  namely, t h e  2-VP-MMA copolymers  and t h e  
t e t r a p o l y m e r s ,  by e l i m i n a t i n g  s t u d y  o f  new s e p a r a t o r  materials. 

T h i s  program was r e v i s e d  t o  a l l o w  t i m e  t o  f u l l y  deve lop  

B .  A N T I C I P A T E D  WORK F O R  NEXT Q U A R T E R  

1. Determine f i l m  p r o p e r t i e s  of  p a r t i a l l y  s a p o n i f i e d  
2-viny lpyridine-met hy 1 m e t  hac ry  l a t  e& copolymers  . 

2 .  Complete checks  on r e p r o d u c i b i l i t y  of polymer 
p r e p a r a t i o n s .  

3. P r e p a r e  b a t c h  o f  polymer s e l e c t e d  f o r  s ca l e -up  and 
s t a r t  a r rangements  f o r  f i l m  p r e p a r a t o n .  
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